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(57) ABSTRACT 

A pulse generator circuit that outputs pulses having a prede 
termined shape from an output terminal based on a start signal 
includes a timing generator circuit that generates (n) signals 
(11 is an integer greater than or equal to 2), the phases of Which 
sequentially change at predetermined time intervals from the 
point When the phase of the start signal changes, a pulse Width 
signal generator circuit that generates a ?rst pulse Width sig 
nal and a second pulse Width signal having a pulse Width that 
corresponds to the duration of the pulses to be generated 
based on the start signal, a ?rst ?lter circuit to Which the ?rst 
pulse Width signal is inputted, the ?rst ?lter circuit limiting 
the band of the ?rst pulse Width signal, a second ?lter circuit 
to Which the second pulse Width signal is inputted, the second 

(22) Filed; Feb 27 2009 ?lter circuit limiting the band of the second pulse Width 
’ signal, ?rst and second poWer supplies that supply predeter 

. . . . . mined potentials, a ?rst variable impedance circuit Whose 
(30) Forelgn Apphcatlon Prmnty Data impedance value is controlled by the output value from the 

M at 3 2008 (JP) 2008_051707 ?rst ?lter circuit, a second variable impedance circuit Whose 
Jan' 5’ 2009 (JP) """""""""""""""" " 2009_0000 6 4 impedance value is controlled by the output value from the 

' ’ """""""""""""""" " second ?lter circuit, and a switching circuit that alternately 

_ _ _ _ connects the output terminal to the ?rst poWer supply via the 
Pubhcatlon Classl?catlon ?rst variable impedance circuit or the second poWer supply 

(51) Int. Cl. via the second variable impedance circuit using a logic func 
H03K 4/06 (200601) tion value based on at least part of the n signals. 
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PULSE GENERATOR CIRCUIT AND 
COMMUNICATION APPARATUS 

BACKGROUND 

[0001] 1. Technical Field 
[0002] The present invention relates to a pulse generator 
circuit that generates pulses suitable for UWB (Ultra Wide 
Band) communication, and also relates to a communication 
apparatus. 
[0003] 2. Related Art 
[0004] UWB communication is a high-speed, large-capac 
ity data communication method using an ultra-Wide fre 
quency band. Other examples of the communication method 
using a Wideband signal include conventional spectrum 
spreading and orthogonal frequency division multiplexing 
(OFDM). On the other hand, UWB is a Wider band commu 
nication method using ultra-short pulses, and also called an 
impulse radio (IR) communication, Which is hereinafter 
referred to as a UWB-IRmethod or simply referred to as an IR 

method. In the IR method, only time-base operation, Which is 
not based on conventional modulation, alloWs modulation 
and demodulation, and it is expected that the circuitry is 
simpli?ed and the poWer consumption is reduced (see US. 
Pat. No. 6,421,389, United States Patent Application Publi 
cation No. 2003/ 0, 108,133 A1, and United States Patent 
Application Publication No. 2001/ 0,033,576). 
[0005] The pulse Waveform used in the IR method Will be 
brie?y described beloW With reference to the draWings. A 
pulse train having a pulse Width PD and a cycle T P shoWn in 
FIG. 9A is Well knoWn, and the frequency spectrum of the 
pulse train is a sinc function the envelope of Which has a ?rst 
Zero point at a frequency BWI1/PD, as shoWn in FIG. 9B. 
[0006] The pulses shoWn in FIG. 9B are not easy to use 
because the spectrum spans DC to BW, Whereas pulses shoWn 
in FIG. 9D, in Which the carrier frequency fO at the center of 
the spectrum is on the high frequency side, are preferable. The 
pulse Waveform is obtained by clipping the portions of a 
rectangular Wave having a frequency fOI1/(2PW) that corre 
spond to the pulses in FIG. 9A and moving them toWard the 
high frequency side of the frequency spectrum. The Wave 
form, hoWever, contains a DC component indicated by the 
dashed line 1601 in FIG. 9C, and does not have the ideal 
spectrum shoWn in FIG. 9D in the exact sense. 
[0007] A Waveform having the ideal spectrum is shoWn in 
FIG. 9E. The Waveform is obtained by multiplying the pulses 
shoWn in FIG. 9A by a sinusoidal Wave having the carrier 
frequency f0. FIG. 9F shoWs a Waveform obtained by multi 
plying the pulses shoWn in FIG. 9A by a rectangular Wave 
having the carrier frequency f0, and the Waveform is readily 
generated by a digital circuit. Since an actual digital circuit 
has a narroW pulse Width, such a square-cornered Waveform 
Will not be generated, but the Waveform shoWn in FIG. 9E Will 
be obtained. When the Waveform shoWn in FIG. 9C is used to 
drive an antenna, the DC component Will not be radiated from 
the antenna, and a signal the Waveform of Which is close to the 
Waveform shoWn in FIG. 9F Will be radiated. 
[0008] Other pulse Waveforms ideal for the UWB commu 
nication have been invented, and Gaussian pulses and Her 
mitian pulses are believed to be suitable. Although different 
from the Waveforms shoWn in FIGS. 9A to 9G, these pulses 
are frequently used because they are readily generated. 
[0009] In the UWB communication, the thus generated 
pulses are used not only in a transmitter, but also in a receiver 
as template pulses for evaluating correlation With a received 
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signal. In the receiver, differential signal processing is often 
carried out, and tWo signals having phases inverted from each 
other shoWn in FIG. 9G are often required. The differential 
pulse signals are also effective in the transmitter, for example, 
When a balanced antenna is driven. In the receiver circuit, 
What is called IQ signals, in Which the phase of the in-phase 
signal differs from the phase of the quadrature signal by 90 
degrees, is further required in many cases. 
[0010] For example, “A LoW-PoWer Template Generator 
for Coherent Impulse-Radio Ultra Wide-Band Receivers,” 
Jose Luis et al, Proceedings IEEE ICUWB, 2006, pp. 97-102 
presents a circuit for generating balanced pulses. The circuit, 
Which has several differential delay circuits connected in 
tandem, generates a pulse train having a pulse Width that 
corresponds to the amount of delay generated in a single delay 
circuit based on a logic circuit. “A LoW-PoWer Template 
Generator for Coherent Impulse-Radio Ultra Wide-Band 
Receivers,” Jose Luis et al, Proceedings IEEE ICUWB, 2006, 
pp. 97-102 suggests the possibility of reduction in poWer 
consumption by carrying out a pulse startup operation both in 
rise and fall portions of a signal inputted to the delay circuits, 
as Well as the possibility of IQ signal generation by using 
every other delay circuit. 
[0011] The pulse generator circuit of the related art 
described above having a simple circuit con?guration can 
accurately generate ultra-high-frequency, ultra-Wideband 
pulses necessary for UWB communication, and the generated 
?ne pulses are substantially circuit constituent device perfor 
mance limited. 

[0012] As described With reference to FIGS. 9A to 9G, 
hoWever, the spectral characteristics of the pulses generated 
by the circuit of the related art folloW a sinc function, and 
hence suffer from a signi?cantly broad side lobe. To use the 
pulses generated by the circuit in communication applica 
tions, the pulses need to be band-limited in some Way. In the 
related art, a ?lter is used to band-limit the pulses. A problem 
With the ?lter is that the ?lter should be a bandpass ?lter that 
Works at an ultra-Wideband, ultra-high frequency that is close 
to the device performance limit and has good skirt character 
istics and such a con?guration is not easy to achieve. 

SUMMARY 

[0013] An advantage of some aspects of the invention is to 
solve at least part of the problems described above, and the 
invention can be embodied in the folloWing forms or appli 
cations. 

First Application 

[0014] A ?rst application of the invention provides a pulse 
generator circuit that outputs pulses having a predetermined 
shape from an output terminal based on a start signal, the 
pulse generator circuit including a timing generator circuit 
that generates (n) signals (n is an integer greater than or equal 
to 2), the phases of Which sequentially change at predeter 
mined time intervals from the point When the phase of the 
start signal changes, a pulse Width signal generator circuit that 
generates a ?rst pulse Width signal and a second pulse Width 
signal having a pulse Width that corresponds to the duration of 
the pulses to be generated based on the start signal, a ?rst ?lter 
circuit to Which the ?rst pulse Width signal is inputted, the ?rst 
?lter circuit limiting the band of the ?rst pulse Width signal, a 
second ?lter circuit to Which the second pulse Width signal is 
inputted, the second ?lter circuit limiting the band of the 
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second pulse Width signal, ?rst and second power supplies 
that supply predetermined potentials, a ?rst variable imped 
ance circuit Whose impedance value is controlled by the out 
put value from the ?rst ?lter circuit, a second variable imped 
ance circuit Whose impedance value is controlled by the 
output value from the second ?lter circuit, and a switching 
circuit that alternately connects the output terminal to the ?rst 
poWer supply via the ?rst variable impedance circuit or the 
second poWer supply via the second variable impedance cir 
cuit using a logic function value based on at least part of the 
n signals. 
[0015] According to the above con?guration, the envelope 
of the output pulses is the output Waveform generated by the 
?rst or second ?lter circuit, and the output pulses can be 
band-limited. In such a con?guration, the band-limiting ?lter 
circuit can be a loWpass ?lter. Additionally, the frequency 
handled by the loWpass ?lter is approximately one-half the 
reciprocal of the pulse duration, and much loWer than the 
central frequency of the output pulses. The above con?gura 
tion does not require a bandpass ?lter that handles a high 
operating frequency band centered around the central fre 
quency of the output pulses, unlike the band limitation in 
related art. Therefore, the con?guration is simple and pro 
vides stable, accurate pulses. 

Second Application 

[0016] In the pulse generator circuit described above, the 
timing generator circuit includes delay circuits connected in 
tandem, each of the delay circuits generating a predetermined 
amount of delay. 
[0017] According to the above con?guration, it is possible 
to supply a circuit that can be readily con?gured in a semi 
conductor integrated circuit. 

Third Application 

[0018] In the pulse generator circuit described above, the 
timing generator circuit is comprised of a ring oscillator cir 
cuit at least part of Which including a delay circuit that gen 
erates a predetermined amount of delay. 
[0019] According to the above con?guration, it is possible 
to supply a circuit that can be readily con?gured in a semi 
conductor integrated circuit. It is further possible to repeat 
edly use a logic circuit that evaluates a logic function using 
the n signals and the sWitching circuit, Whereby the pulse 
generator circuit can be formed of a reduced number of 
devices even When a long pulse train is generated. 

Fourth Application 

[0020] In the pulse generator circuit described above, the 
?rst variable impedance circuit is comprised of a transistor 
controlled by the output value from the ?rst ?lter circuit, and 
the second variable impedance circuit is comprised of a tran 
sistor controlled by the output value from the second ?lter 
circuit. 
[0021] According to the above con?guration, each of the 
?rst and second variable impedance circuits canbe comprised 
of a transistor, and hence can be readily comprised of an 
integrated circuit, advantageously resulting in siZe reduction, 
high reliability, and cost reduction of the apparatus. 

Fifth Application 

[0022] A ?fth application of the invention provides a com 
munication apparatus including the pulse generator circuit 
described above. 
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[0023] According to the above con?guration, signi?cantly 
?ne, accurate pulses speci?c to UWB can be readily gener 
ated. Therefore, using the pulse generator circuit as a template 
generator circuit in a modulation circuit or a demodulation 
circuit alloWs a stable circuit system to be employed and a 
stable, highly-reliable, highly-sensitive apparatus to be con 
?gured at a loW cost. Further, the present pulse generator 
circuit can generate high-frequency, accurate pulses close to 
the performance limit of the devices. The present con?gura 
tion is therefore quite useful. Moreover, the present pulse 
generator circuit can be formed in a CMOS integrated circuit 
or any other suitable circuit, and can generate an accurate 
pulse Waveform in a simple circuit even When the pulse Wave 
form is formed of ?ne pulses on the order of the operating 
transition period of the devices. Further, since the present 
pulse generator circuit can be con?gured by a logic circuit 
using a CMOS integrated circuit, the pulse generator circuit 
can readily operate at the highest speed of the CMOS inte 
grated circuit Without increase in operating poWer. It is there 
fore possible to readily generate high-frequency, Wideband 
pulses useable in UWB communication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention Will noW be described With reference 
to the accompanying draWings, Wherein like numbers refer 
ence like elements. 
[0025] FIGS. 1A and 1B are circuit diagrams shoWing the 
con?guration of a pulse generator circuit according to a ?rst 
embodiment. 
[0026] FIG. 2 is a timing chart shoWing the operation of the 
pulse generator circuit according to the ?rst embodiment. 
[0027] FIG. 3 is a circuit diagram shoWing the con?gura 
tion of a pulse generator circuit according to a second 
embodiment. 
[0028] FIG. 4 is a timing chart shoWing the operation of the 
pulse generator circuit according to the second embodiment. 
[0029] FIG. 5 is a circuit diagram shoWing the con?gura 
tion of a UWB communication apparatus according to a third 
embodiment. 
[0030] FIG. 6 is a circuit diagram shoWing the con?gura 
tion of a UWB communication apparatus according to the 
third embodiment. 
[0031] FIG. 7 is a circuit diagram shoWing the con?gura 
tion of a UWB communication apparatus according to the 
third embodiment. 
[0032] FIG. 8 is a circuit diagram shoWing the con?gura 
tion of a UWB communication apparatus according to the 
third embodiment. 
[0033] FIGS. 9A to 9G explain pulses generated in the 
present embodiment. 
[0034] FIG. 10 shoWs graphs illustrating the Waveforms of 
pulses generated in the present embodiment. 
[0035] FIG. 11 is a graph shoWing the spectrum of the 
Waveform of pulses generated in the present embodiment. 
[0036] FIG. 12 is a graph shoWing the spectrum of the 
Waveform of pulses generated in the present embodiment. 
[0037] FIG. 13 is a graph shoWing the spectrum of the 
Waveform of pulses generated in the present embodiment. 
[0038] FIG. 14 is a graph shoWing the spectrum of the 
Waveform of pulses generated in the present embodiment. 
[0039] FIG. 15 shoWs graphs illustrating the spectra of the 
Waveforms of pulses generated in the present embodiment. 
[0040] FIG. 16 is a schematic vieW shoWing the con?gura 
tion of electronic apparatus according to a ?rst modi?cation. 
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DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0041] Embodiments of a pulse generator circuit Will be 
described below With reference to the drawings. 

First Embodiment 

Con?guration of Pulses to be Generated 
[0042] Pulses to be generated in the present embodiment 
Will ?rst be described With reference to FIGS. 9A-9G to FIG. 
15. The pulses to be generated are single-ended output pulses 
shoWn in FIGS. 9E and 9E, or a pair of band-limited pulses 
having phases different from each other by 180 degrees 
shoWn in FIG. 9G. The Waveform of the band-limited pulses 
Will be described later in more detail With reference to FIGS. 
10 to 15. FIG. 9G shoWs differential output pulse signals, and 
the potential difference betWeen the outputs is equal to the 
Waveform shoWn in FIG. 9E. Looking at the output potential 
difference as the differential signals, one can set the DC level 
during the no-pulse period indicated by ts shoWn in FIG. 9G 
to an arbitrary value as long as it is ?xed. 
[0043] The present embodiment Will be described With ref 
erence to, by Way of example, generation of the Waveform 
having the folloWing speci?cations, Which are readily achiev 
able by using minimum Width 018p CMOS (Complementary 
Metal Oxide Semiconductor) processes 
[0044] Pulse interval: TPIarbitrary value 
[0045] Carrier frequency: fo:4 GHZ 
[0046] Carrier pulse Width: PW:l25 psec 
[0047] Pulse Width: P DIarbitrary value 
[0048] The number of pulses contained in the period PD 
(the number of ?ngers): arbitrary value (P D:(the number of 
?ngers ><2— l )><P W) 
[0049] Signal form: single-ended output, differential out 
put, and a pair of differential output IQ signals 
[0050] The invention is, hoWever, not limited to the above 
cases. 

[0051] FIGS. 10 to 15 are graphs shoWing the Waveforms 
obtained by band-limiting the Waveforms shoWn in FIGS. 9E 
and 9G. The Waveform 1401 in FIG. 10 is an example of the 
Waveform in FIGS. 9E and 9G, Which is not band-limited. To 
band-limit the Waveform, the Wave heights of the ?rst and last 
pulses are loWered to round the pulse envelope. The Wave 
form 1402 is obtained by setting the Wave heights of the ?rst 
and last pulse ?ngers to one-half the Wave height of the 
original Waveform. The Waveform 1403 is obtained by setting 
the Wave heights of the ?rst and last ?ngers to one-third the 
Wave height of the original Waveform and setting the Wave 
heights of the second and second last ?ngers to tWo-third the 
Wave height of the original Waveform. 
[0052] FIGS. 11 to 13 are graphs shoWing the spectra of the 
Waveforms 1401 to 1403. FIG. 11 shoWs the spectrum of the 
Waveform 1401 that has not been band-limited, and FIGS. 12 
and 13 shoW the spectra of the Waveforms 1402 and 1403 that 
have been band-limited. FIGS. 11 to 13 shoW respective 
single pulses shoWn in FIG. 10 repeated at a repetitive fre 
quency of 200 MHZ, Which are line spectra at intervals of 200 
MHZ because no modulation is applied. Looking at hoW the 
spectra of the Waveforms spread, one can see that the main 
lobes of the spectra of the Waveforms 1402 and 1403 are 
slightly broader than that of the Waveform 1401 that has not 
been band-limited, and the main lobe of the spectrum of the 
Waveform 1403 is broader than that of the Waveform 1402. 
The reason for this is that loWering the Wave heights of the 
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?rst and last pulses for band limitation equivalently shortens 
the pulse duration. Looking at the side lobes of the spectra, 
one can see that loWering the Wave heights of the ?rst and last 
pulses for band limitation is clearly effective. Although the 
difference at the ?rst side lobe is only approximately several 
dB, the difference of several dB is valuable and very effective 
in con?guring the system. 
[0053] FIGS. 11 to 13 shoW spectra When no modulation is 
applied. FIG. 14 is a graph shoWing the spectrum obtained by 
bi-phase modulating (BPM), byWay of example, the Wave 
form 1403 in accordance With a PN code having a length of 
31. The modulation converts the line spectrum into a band 
spectrum and loWers the intensity of the spectrum. In practice, 
in the UWB communication, the acceptable upper limit of a 
spectrum is determined by legal regulations, and increase in 
spectrum intensity due to use of a line spectrum is not pref 
erable. A measure is taken in actual use; for example, dither 
ing is used to obtain a band spectrum. To understand band 
spectra obtained by dithering or any other suitable measure, 
FIG. 15 shoWs graphs illustrating the distributions of the 
spectra, by Way of example, of the three Waveforms described 
above, speci?cally, the spectra Without modulation and the 
band spectra obtained by BPM using the PN code having a 
length of 31. FIG. 15 shoWs envelopes connecting only the 
peaks of the line spectra. In FIG. 15, the Waveforms 1404, 
1405, and 1406 are the envelopes of the spectra of the Wave 
forms 1401, 1402, and 1403, respectively, shoWn in FIG. 10 
When no modulation is applied thereto, and the Waveforms 
1407, 1408, and 1409 are band spectra of the Waveforms 
1401, 1402, and 1403, respectively, When modulation is 
applied thereto. It is found in each case that rounding the pulse 
envelope, that is, reducing the rate of envelope change at the 
?rst and last pulses, can reduce the side lobe of the spectrum. 

Con?guration of Pulse Generator Circuit 

[0054] The pulse generator circuit Will be described With 
reference to FIGS. 1A, 1B, and 2. FIGS. 1A and 1B are circuit 
diagrams shoWing the con?guration of the pulse generator 
circuit. FIG. 2 is a timing chart shoWing the operation of the 
pulse generator circuit. As shoWn in FIG. 1A, the pulse gen 
erator circuit 1 includes a timing generator circuit 10, a pulse 
Width signal generator circuit 30, a loWpass ?lter 142, Which 
is a ?rst ?lter circuit, a loWpass ?lter 143, Which is a second 
?lter circuit, a poWer supply line 147 to Which a voltage V1, 
Which is a ?rst poWer supply, is applied, a poWer supply line 
146 to Which a voltage V2, Which is a second poWer supply, is 
applied, an N-channel MOS transistor 144, Which is a ?rst 
variable impedance circuit, a P-channel MOS transistor 145, 
Which is a second variable impedance circuit, and a sWitching 
circuit 20. 

Con?guration of Timing Generator Circuit 

[0055] The timing generator circuit 10 includes inverter 
delay circuits 100 to 109 connected in tandem. The internal 
con?guration of each of the inverter delay circuits 100 to 109 
Will be described With reference to FIG. 1B. A P-channel 
MOS transistor 152 and an N-channel MOS transistor 153 
form an inverter circuit, and a signal inputted to a terminal 158 
is inverted and delayed by a delay period td, outputted from a 
terminal 160, and inputted to the folloWing inverter delay 
circuit. A small-buffer circuit 155 and a large-buffer circuit 
156 are connected in series to the terminal 160 not to increase 
the amount of delay generated in the inverter circuit described 
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above. A terminal 161 outputs a signal for driving the sWitch 
ing circuit 20. The small-buffer circuit 155 and the large 
buffer circuit 156 are omitted in FIG. 1A. 
[0056] An N-channel MOS transistor 154 is connected 
betWeen the source of the N-channel MOS transistor 153 and 
a ground potential, and a P-channel MOS transistor 151 is 
connected betWeen the source of the P-channel MOS transis 
tor 152 and a poWer supply potential VDD. Controlling gate 
source voltages Vbp and Vbn applied to the P-channel MOS 
transistor 151 and the N-channel MOS transistor 154 can 
control the poWer supply current ?oWing into the inverter 
circuit. Vbp and Vbn are typically controlled in such a Way 
that the absolute values thereof are the same in order to 
maintain the symmetry betWeen the rise and fall portions of 
the output from the inverter circuit. In this Way, the operation 
speed of the inverter circuit and hence the delay period td can 
be controlled. To generate pulses having the target frequency 
spectrum, the voltages at terminals 157 and 159 may be 
controlled so that PW?d is satis?ed. 
[0057] In FIG. 1A, the amount of delay generated in each of 
the inverter delay circuits 100 to 109 is adjusted to be equal to 
the carrier pulse Width PW (I125 ps). When the amount of 
delay is equal to the carrier pulse Width PW, the target pulses 
described above, that is, pulses having a carrier frequency 
fo:4 GHZ (carrier pulse Width: PWII 25 ps), can be generated. 
Since each of the inverter delay circuits 100 to 109 inverts and 
delays a pulse start signal D0, which is a start signal, the 
outputs from the inverter delay circuits 100 to 109 are 
expressed as XDl, D2, XD3, D4, XD5, D6, XD9, D8, XD9, and 
D10, Where the character X represents inversion and X is 
pre?xed to the odd-numbered outputs. 
[0058] That is, as shoWn in FIG. 2 as XDl to Dl0 the pulse 
start signal DO inputted to an input terminal 131 propagates 
through the inverter delay circuits 100 to 109, each of Which 
delays the signal by a delay period td and inverts the phase of 
the signal. The inverter delay circuits 100 to 109 thus output 
10 (In) signals XDl, D2, XD3, D4, XD5, D6, XD7, D8, XD9, 
and D10. That is, When the signal inputted to the input termi 
nal 131 is a positive-logic signal, the (i-l)-th and i-th inverter 
delay circuits output XDZ._l and Di, respectively, Where i rep 
resents an even number. The point Where the phase of the 
pulse start signal D0 is changed means the point Where the 
pulse start signal D0 is changed from H (high level) to L (loW 
level) or from L to H. 

Con?guration of Switching Circuit 

[0059] The sWitching circuit 20 includes P-channel MOS 
transistors 110, 111, 114, 115, 118, 119, 122, and 123 and 
N-channel MOS transistors 112, 113, 116, 117, 120, 121, 
124, 125, 132, and 133. The P-channel MOS transistors 110, 
111, and the N-channel MOS transistors 112, 113 are con 
nected in series betWeen a Wired line 21 and a Wired line 22. 
The P-channel MOS transistors 114, 115, and the N-channel 
MOS transistors 116, 117 are connected in series betWeen the 
Wired line 21 and the Wired line 22. The P-channel MOS 
transistors 118, 119, and the N-channel MOS transistors 120, 
121 are connected in series betWeen the Wired line 21 and the 
Wired line 22. The P-channel MOS transistors 122, 123, and 
the N-channel MOS transistors 124, 125 are connected in 
series betWeen the Wired line 21 and the Wired line 22. 
[0060] The drain terminals of the P-channel MOS transis 
tors 111, 115, 119, and 123 are connected to an output line 
130. The N-channel MOS transistors 132 and 133 are con 
nected in series betWeen the output line 130 and the Wired line 
22. The signal XDl is inputted to the gate terminal of the 
N-channel MOS transistor 113. The signal D2 is inputted to 
the gate terminals of the P-channel MOS transistor 111 and 
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the N-channel MOS transistor 112. The signal XD3 is input 
ted to the gate terminals of the P-channel MOS transistor 110 
and the N-channel MOS transistor 117. The signal D4 is 
inputted to the gate terminals of the P-channel MOS transistor 
115 and the N-channel MOS transistor 116. The signal XD5 is 
inputted to the gate terminals of the P-channel MOS transistor 
114 and the N-channel MOS transistor 121. The signal D6 is 
inputted to the gate terminals of the P-channel MOS transistor 
119 and the N-channel MOS transistor 120. The signal XD7 is 
inputted to the gate terminals of the P-channel MOS transistor 
118 and the N-channel MOS transistor 125. The signal D8 is 
inputted to the gate terminals of the P-channel MOS transistor 
123 and the N-channel MOS transistor 124. The signal XD9 is 
inputted to the gate terminals of the P-channel MOS transistor 
122 and the N-channel MOS transistor 133. The signal D10 is 
inputted to the gate terminal of the N-channel MOS transistor 
132. 

Con?guration of Pulse Width Signal Generator Circuit 

[0061] The pulse Width signal generator circuit 30 includes 
inverters 31, 32, anAND circuit 33, and an OR circuit 34. The 
AND circuit 33, one input terminal of Which receives the 
signal XD7 and the other input terminal of Which receives the 
signal XDl having passed through the inverter 31 and having 
been inverted, outputs the logical product E. The OR circuit 
34, one input terminal of Which receives the signal XDl and 
the other input terminal of Which receives the signal XD7 
having passed through the inverter 32 and having been 
inverted, outputs the logical sum XE. The loWpass ?lter 142 
receives the logical product E and outputs an output signal 
VL1 obtained by removing high-frequency components from 
the logical product E. The loWpass ?lter 143 receives the 
logical sum XE and outputs an output signal VL2 obtained by 
removing high-frequency components from the logical sum 
XE. The output signal VL1 is applied to the gate terminal of 
the N-channel MOS transistor 144 connected betWeen the 
Wired line 22 and the poWer supply line 146. The output signal 
VL2 is applied to the gate terminal of the P-channel MOS 
transistor 145 connected betWeen the Wired line 21 and the 
poWer supply line 147. 
[0062] The pulse generator circuit 1 further includes a 
P-channel MOS transistor 127, the source terminal of Which 
is connected to the poWer supply line 147 and the gate termi 
nal and the drain terminal of Which are connected to the 
output line 130, and an N-channel MOS transistor 128, the 
source terminal of Which is connected to the poWer supply 
line 146 and the gate terminal and the drain terminal of Which 
are connected to the output line 130. 

Operation of SWitching Circuit 

[0063] The operation of the sWitching circuit 20 Will be 
described beloW. 
[0064] The N-channel MOS transistors 112 and 113 con 
duct current When D2 and XDl are H, and connect the output 
line 130 to the poWer supply line 146 via the N-channel MOS 
transistor 144. That is, When D2 AND XDl is true, the output 
line 130 is connected to the voltage V2 via the N-channel 
MOS transistor 144. 
[0065] The P-channel MOS transistors 110 and 111 con 
duct current When D2 and XD3 are L, and connect the output 
line 130 to the poWer supply line 147 via the P-channel MOS 
transistor 145. That is, When D2 OR XD3 is false, the output 
line 130 is connected to the voltage V1 via the P-channel 
MOS transistor 145. 
[0066] The N-channel MOS transistors 116 and 117 con 
duct current When D4 and XD3 are H, and connect the output 
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line 130 to the power supply line 146 via the N-channel MOS 
transistor 144. That is, When D4 AND XD3 is true, the output 
line 130 is connected to the voltage V2 via the N-channel 
MOS transistor 144. 
[0067] The P-channel MOS transistors 115 and 114 con 
duct current When D4 and XD5 are L, and connect the output 
line 130 to the poWer supply line 147 via the P-channel MOS 
transistor 145. That is, When D4 OR XD5 is false, the output 
line 130 is connected to the voltage V1 via the P-channel 
MOS transistor 145. 
[0068] The N-channel MOS transistors 120 and 121 con 
duct current When D6 and XD5 are H, and connect the output 
line 130 to the poWer supply line 146 via the N-channel MOS 
transistor 144. That is, When D6 AND XD5 is true, the output 
line 130 is connected to the voltage V2 via the N-channel 
MOS transistor 144. 
[0069] The P-channel MOS transistors 119 and 118 con 
duct current When D6 and XD7 are L, and connect the output 
line 130 to the poWer supply line 147 via the P-channel MOS 
transistor 145. That is, When D6 OR XD7 is false, the output 
line 130 is connected to the voltage V1 via the P-channel 
MOS transistor 145. 
[0070] The N-channel MOS transistors 124 and 125 con 
duct current When D8 and XD7 are H, and connect the output 
line 130 to the poWer supply line 146 via the N-channel MOS 
transistor 144. That is, When D8 AND XD7 is true, the output 
line 130 is connected to the voltage V2 via the N-channel 
MOS transistor 144. 
[0071] The P-channel MOS transistors 123 and 122 con 
duct current When D8 and XD9 are L, and connect the output 
line 130 to the poWer supply line 147 via the P-channel MOS 
transistor 145. That is, When D8 OR XD9 is false, the output 
line 130 is connected to the voltage V1 via the P-channel 
MOS transistor 145. 
[0072] The N-channel MOS transistors 132 and 133 con 
duct current When D10 and XD9 are H, and connect the output 
line 130 to the poWer supply line 146 via the N-channel MOS 
transistor 144. That is, When D 10 AND XD9 is true, the output 
line 130 is connected to the voltage V2 via the N-channel 
MOS transistor 14 4. 
[0073] Each of the P-channel MOS transistor 127 and the 
N-channel transistor 128 is a MOS resistor. They divide 
potentials applied to the poWer supply lines 147 and 146 and 
set the potential at the output line 130 (pulse Waveform Pulse 
Out) When the switching circuit 20 is connected to neither the 
voltage V1 nor the voltage V2. 
[0074] In the operation described above, the output line 130 
is sWitched betWeen the voltage V1 via the N-channel MOS 
transistor 144 and the voltage V2 via the P-channel MOS 
transistor 145 Whenever the delay period td elapses. Let tl-_l be 
a period during Which D,- AND XDl-_ 1 is true, and ti be a period 
during Which DZ- OR XDl-_l is false. The output line 130 is 
connected to the voltage V2 via the N-channel MOS transistor 
144 during the period tl-_1, While connected to the voltage V1 
via the P-channel MOS transistor 145 during the period ti, as 
indicated by the Waveform PulseOut in FIG. 2. 
[0075] Therefore, the N-channel MOS transistor 144 and 
the P-channel MOS transistor 145 limit the output driving 
capability of the voltages V1 and V2, and adjusting the ON 
resistance of the N-channel MOS transistor 144 and the 
P-channel MOS transistor 145 alloWs the envelope of the 
outputted pulse Waveform PulseOut to be arbitrarily set. The 
outputted pulse Waveform PulseOut depends on the value of 
a load connected to the output and the driving capability 
limited by the N-channel MOS transistor 144 and the P-chan 
nel MOS transistor 145. When the load contains a capacitance 
component, in particular, the output pulses are integrated and 
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the resultant Waveform is close to that of a triangular Wave 
having different Wave heights, like the pulse Waveform Pulse 
Out shoWn in FIG. 2. 

[0076] Each of the N-channel MOS transistor 144 and the 
P-channel MOS transistor 145 operates as a variable imped 
ance device, and is controlled by the voltage applied to the 
gate thereof. The voltages applied to the gates are the logical 
product E (the Waveform 201 in FIG. 2) and the logical sum 
XE (the Waveform 202 in FIG. 2) generated by the pulse 
Width signal generator circuit 30, Which generates pulses each 
of Which having a pulse Width that corresponds to the duration 
of each output pulse. The logical product E and the logical 
sum XE are band-limited by the loWpass ?lters 142 and 143, 
respectively, and the output signals VL1 and VL2 (the Wave 
forms 203 and 204 in FIG. 2) from the loWpass ?lters 142 and 
143 are applied to the gates of the N-channel MOS transistor 
144 and the P-channel MOS transistor 145. 

[0077] When the Waveforms in accordance With Which the 
N-channel MOS transistor 144 and the P-channel MOS tran 
sistor 145, Which are variable impedance devices, are con 
trolled and set to be the envelopes of band-limited pulse 
Waveforms in accordance With the principle described above, 
the generated pulses are automatically band-limited. In the 
con?guration described above, the generated pulses have a 
spectrum obtained by folding the frequency response charac 
teristics of the loWpass ?lters 142 and 143 along the carrier 
frequency f0. The spectrum of the generated pulses can there 
fore be freely adjusted in accordance With the design of the 
loWpass ?lters 142 and 143. Since the design is arbitrarily 
determined, the Wave heights of the ?rst and last output pulses 
are not necessarily loWered unlike FIG. 10, but the spectral 
characteristics can be freely set. Since the band characteris 
tics of a given target spectrum alloWs the characteristics of the 
loWpass ?lters 142 and 143 to be designed, desired band 
characteristics can be obtained in accordance With the design. 
Alternatively, When the characteristics are determined to fol 
loW a Gaussian function, the spread of the pulses along the 
temporal axis and the spread of the pulses along the frequency 
axis, that is, the tWo band spreads (multiplication of the tWo 
band spreads), can be theoretically minimized. It is noted that 
E, XE, and PulseOut are enlarged in the amplitude direction 
in FIG. 2 so that the Waveforms are clearly shoWn. 

[0078] The logical product E and the logical sum XE have 
phases inverted from each other, and the pulse Width of Which 
corresponds to the pulse Width PD Of the generated pulses. 
When the loWpass ?lters 142 and 143 produce delay in asso 
ciation With their operation, the position of the tap of each of 
the inverter delay circuits 101 to 109 is moved forWard to 
adjust the timing. The Width of each of the logical product E 
and the logical sum XE is, to be exact, the portion of PD that 
is other than the tailing period resulting from the response of 
the corresponding one of the loWpass ?lters 142 and 143. In 
FIG. 2, the Waveforms 203 and 204 are the outputs from the 
loWpass ?lters 142 and 143, that is, the voltages V1 and V2 
applied to the gates of the transistors 144 and 145. Multiply 
ing the Waveforms 203 and 204 by the carrier having the 
carrier frequency fO provides a signal the frequency band of 
Which has a Width fLPF on the upper and loWer sides of f0, 
Where fLPF represents the pass band Width of the loWpass 
?lters 142 and 143. Further, the envelope of the output pulse 
Waveform PulseOut is equal to each of the Waveforms 203 
and 204 produced by the loWpass ?lters 142 and 143. 
[0079] According to related art, output pulses pass a band 
pass ?lter so that generated pulses are band-limited. In the 
present embodiment, no bandpass ?lter is used, but the loW 
pass ?lters 142 and 143, Which are readily designed, are used. 
Further, the frequencies handled by the loWpass ?lters 142 
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and 143 are much lower than the pass band of the bandpass 
?lter used in related art. This fact also alloWs the ?lter to be 
more readily designed, implemented, and manufactured. 
Moreover, since the voltages V1 and V2 band-limited by the 
loWpass ?lters 142 and 143 are multiplied by the carrier 
having the frequency l/(2><td), accurate pulses having a spec 
tral distribution symmetric With respect to the carrier fre 
quency described above can be generated. 
[0080] The present embodiment described above can pro 
vide the folloWing advantageous effects: 
[0081] In the present embodiment, a circuit as simple as the 
circuit of related art can generate pulses that have undergone 
necessary band limitation and have an arbitrary length of 
duration. The generated pulses, even When they are high 
frequency, high-speed pulses close to the operation limit of 
the devices in the circuit, can be precise and Well character 
iZed. 

Second Embodiment 

[0082] A second embodiment of the pulse generator circuit 
Will be described beloW With reference to FIGS. 3 and 4. 
[0083] FIG. 3 is a circuit diagram shoWing the con?gura 
tion of a pulse generator circuit 300 according to the second 
embodiment. FIG. 4 is a timing chart shoWing the operation 
of the pulse generator circuit 300 according to the second 
embodiment. 
[0084] In FIG. 3, each ofNOR circuits 303, 304, and 305 is 
an NOR-logic delay circuit. Let Q1, Q2, and Q3 be the outputs 
from the NOR circuits 3 03, 304, and 3 05. One of the tWo input 
terminals of each of the NOR circuits 303, 304, and 305 is 
connected to the corresponding one of the outputs Q3, Q1, and 
Q2 from the NOR circuits 305, 303, and 304 so as to form a 
ring oscillator circuit. Let C1, C2, and C3 be the other input 
terminals 308, 307, and 306 of the NOR circuits 303, 304, and 
305. 

[0085] When (Ql+Q2)><(Q3+Q1)><(Q2+Q3) is false, a pulse 
output terminal Pout 330 of a sWitching circuit 340 is con 
nected to a poWer supply of a voltage V1 via a P-channel MOS 
transistor 324. The gate of the P-channel MOS transistor 324 
is connected to an output signal VL1 from a loWpass ?lter 
309. When Q3><Q1+Q2><Q3+Ql><Q2 is true, the pulse output 
terminal Pout 330 is connected to a poWer supply of a voltage 
V2 via an N-channel MOS transistor 325. The gate of the 
N-channel MOS transistor 325 is connected to an output 
signal VL2 from a loWpass ?lter 310. 
[0086] In FIG. 3, the portion surrounded by the dotted line 
323 Works in the same manner even When the names (Q1, Q2, 
Q3) and (C1, C2: C3) are Changed to (Q2: Q3: Q1) and (C2, C3’ 
C 1). Such a circuit is called a cyclically symmetric circuit in 
the present embodiment. Further, When the input and output 
values of a logic circuit are represented by true (H) and false 
(L), the logical values of the circuit can be abbreviated as, for 
example, (Q1, Q2, Q3):(H, L, L), Which means that QIIH, 
QZIL, and Q3IL. 
[0087] P-channel MOS transistors 317 and 318 conduct 
current When (C1, C2, C3):(H, L, L) and hence (Q1, Q2, 
Q3):(L, H, L), and the pulse output terminal Pout 330 is 
connected to a poWer supply line 207 (voltage V1) via the 
P-channel MOS transistor 324 (period tO in FIG. 4). When the 
state transits to (C1, C2, C3):(L, L, L) (period tl in FIG. 4), the 
NOR circuits 303 to 305 become equivalent to a three-in 
verter ring oscillator circuit, Which then starts oscillating. 
During a period in Which the ring oscillator circuit formed of 
the NOR circuits 303 to 305 keeps oscillating, the sWitching 
circuit 340 operates in accordance With the logic described 
above. The pulse output terminal Pout 330 is therefore alter 
nately sWitched to the poWer supply line 207 (via the P-chan 
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nel MOS transistor 324) and a poWer supply line 206 (voltage 
V2) (via the N-channel MOS transistor 325) Whenever a 
delay period td generated in each of the NOR circuits 303 to 
305 elapses. The target pulses are thus generated. 
[0088] In practice, since the sWitching circuit 340 performs 
sWitching in a very short period, the sWitching is ?nished 
before load capacitance and stray capacitance are suf?ciently 
charged. Therefore, a square-cornered Waveform, such as 
PulseOut schematically shoWn in FIG. 2, Will not be pro 
vided, but a rounded Waveform, such as the one shoWn in FIG. 
4, Will be outputted. FIG. 4 shoWs a more realistic Waveform. 
[0089] Subsequently, When any one of (C1, C2, C3) is set to 
H, the ring oscillator circuit formed of the NOR circuits 303 
to 305 stops oscillating and hence stops outputting pulses. In 
this process, any pair of the P-channel MOS transistors 313 
and 314, 317 and 318, and 321 and 322 simultaneously con 
duct current and stops outputting pulses (period t1 5 in FIG. 4). 
[0090] In the operation described above, the pulse genera 
tor circuit 300 can generate pulses having an arbitrary length 
of duration. 
[0091] In the stationary state described above, any pair of 
the P-channel MOS transistors 313 and 314, 317 and 318, and 
321 and 322 simultaneously conduct current. In this state, the 
potential at the pulse output terminal Pout 330 is not the 
voltage V1, but can be set to an intermediate value betWeen 
the voltage V1 and the voltage V2 by using the P-channel 
MOS transistor 324 and the N-channel MOS transistor 325, 
Which control the output pulse envelope. 
[0092] A control method for band-limiting the output 
pulses Will noW be described. 
[0093] A control circuit 302 generates complementary sig 
nals E and XE shoWn in FIG. 4, Which correspond to the pulse 
Width. The signals E and XE pass through the loWpass ?lters 
310 and 309 and become the output signalsVL1 andVL2. The 
output signals VL1 and VL2, Which control the pulse enve 
lope, are applied to the gates of the P-channel MOS transistor 
324 and the N-channel MOS transistor 325. The current ?oW 
ing into the sWitching circuit 340 is then controlled in accor 
dance With the sWitching timing, and the envelope of the 
output pulses is controlled accordingly. Since the output sig 
nals VL1 and VL2, Which control the envelope of the output 
pulses, are band-limited by the loWpass ?lters 309 and 310, 
the output pulses also form a signal having a band tWice the 
value f L PF, the central value of the band being the carrier 
frequency f0. 
[0094] As shoWn in FIG. 4, since the P-channel MOS tran 
sistor 324 and the N-channel MOS transistor 325 are OFF in 
the stationary state (before the period t0 and after the period 
t1 5 in FIG. 4), the pulse output terminal Pout 330 is connected 
to neither the voltage V1 nor V2 via the sWitching circuit 340. 
Impedance devices 326 and 327 divide the voltages V1 and 
V2 and set the potential in the stationary state. When the 
values of the impedance devices 326 and 327 are equal to each 
other, the potential in the stationary state canbe set to a middle 
value betWeen the voltage V1 and the voltage V2. 
[0095] The control circuit 302 receives a pulse start signal 
CO inputted to a start signal terminal 301 and sets (C1, C2, C3) 
to (L, L, L) in order to start pulse generation. The ring oscil 
lator circuit formed of the NOR circuits 303 to 305 therefore 
starts oscillation and generates pulses. When the length of the 
pulses becomes a predetermined value, the control circuit 3 02 
outputs a signal to (C1, C2, C3) again to stop the oscillation of 
the ring oscillator circuit formed of the NOR circuits 303 to 
305 and hence stop pulse generation. At the same time, the 
control circuit 302 outputs the signals E and XE, the time 
Width of Which corresponds to the pulse duration, to the 
loWpass ?lters 309 and 310. To compensate the delay period 
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associated With the outputs from the loWpass ?lters 310 and 
309 and the response period (tailing) at the trailing edge of the 
pulses, the signals E and XE may be produced earlier by the 
delay period. 
[0096] Pulses are generated When (C1, C2, C3) are (L, L, L), 
otherWise no pulse is generated. One may therefore consider 
that there are many degrees of freedom in the control of (C 1, 
C2, C3), but there are not. When any one of the terminals (C 1, 
C2, C3) is used to control the circuit, the number of pulse 
?ngers is limited to a multiple of three When the three-stage 
ring oscillator circuit is formed as in the present embodiment. 
[0097] NoW, assume that the control circuit 302 outputs (H, 
L, L) to (C1, C2, C3) as an initial value. In this case, (Q1, Q2, 
Q3):(L, H, L). When the pulse start signal CO is inputted to the 
start signal terminal 301 in this state, the control circuit 302 
produces (L, L, L) to (C1, C2, C3). 
[0098] As a result, the ring oscillator circuit formed of the 
NOR circuits 303 to 305 starts oscillating and hence starts 
outputting pulses from the pulse output terminal Pout 330. To 
obtain pulses formed of a desired number of ?ngers, the 
control circuit 302 sends signals to (C1, C2, C3). That is, as 
shoWn in FIG. 4, to generate pulses formed of ?ngers the 
number of Which is, for example, 3n+l (n is an integer), the 
control circuit 302 monitors Q1, Q2, and Q3, and When Q3 
becomes L, the control circuit 302 outputs (L, L, H) to (C1, 
C2, C3) to terminate the pulse generation. 
[0099] The control circuit 302 holds this state and Waits for 
the next pulse start signal CO inputted to the start signal ter 
minal 301. In this case, the control circuit 302 Waits for the 
pulse start signal CO in the state (C1, C2, C3):(L, L, H), 
Whereas in the initial state described above, the control circuit 
302 Waits for CO in the state (C1, C2, C3):(H, L, L). Since the 
pulse generator circuit 300 is a cyclically symmetric circuit, 
C1, C2, and C3 are changed to C2, C3, and Cl and the same 
operation folloWs. 
[0100] That is, When the next CO is inputted in this state, the 
control circuit 302 can generate pulses formed of the same 
number of pulse ?ngers by outputting (L, L, L) to (C 1, C2, C3) 
to start pulse generation and outputting (L, H, L) to (C1, C2, 
C3), When Q 1 becomes L, to terminate the pulse generation. 
[0101] Thus using the fact that the circuit is symmetric 
alloWs the control to be easier, and the control circuit 302 can 
be readily designed in consideration of the cyclic symmetry. 
[0102] The present embodiment described above can pro 
vide the folloWing advantageous effects: 
[0103] The present embodiment alloWs a band-limited 
UWB pulse signal having an arbitrary length of duration to be 
generated in a simple circuit. 

Third Embodiment 

[0104] A third embodiment of the pulse generator circuit 
Will be described beloW. 
[0105] FIGS. 5 to 8 explain key portions ofa communica 
tion apparatus using the pulse generator circuit 1 of the ?rst 
embodiment or the pulse generator circuit 300 of the second 
embodiment, and shoW cases Where the pulse generator cir 
cuit 1 or the pulse generator circuit 300 is applied to a UWB 
transmitter and a UWB receiver. 
[0106] FIG. 5 is a block diagram schematically shoWing a 
UWB-IR transmitter 500. A pulse generator circuit 501 is 
comprised of the pulse generator circuit 1 (FIG. 1A) or the 
pulse generator circuit 300 (FIG. 3). An input terminal 503 is 
a terminal to Which a start signal is inputted, and an input 
terminal 504 is a terminal to Which data to be transmitted are 
inputted. The generated pulses are modulated in accordance 
With the signal inputted to the input terminal 504, and the 
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modulation method Will be described later. The thus gener 
ated pulses are transmitted via an antenna 502. 

[0107] Examples of the modulation method may include 
pulse bi-phase modulation (BPM) in Which modulation is 
carried out by sWitching the polarity of output pulses in accor 
dance With the value of transmission data inputted to the input 
terminal 504, and pulse position modulation (PPM) in Which 
a start signal is connected to a delay circuit and the delay 
period of the start signal is sWitched in accordance With 
transmission data. 
[0108] FIG. 7 shoWs a PPM modulator circuit 700. An input 
terminal 701 is a terminal to Which the start signal is inputted. 
A signal delayed from the start signal by using a delay circuit 
703 and a non-delayed signal that has not passed through the 
delay circuit 703, the original signal, are generated. A sWitch 
704 chooses either of the tWo signals, and the chosen signal is 
inputted to a pulse generator circuit 705. Choosing the signal 
that has passed through the delay circuit 703 or the signal that 
has not passed therethrough based on the bit value (1 or 0) of 
transmission data inputted to an input terminal 702 alloWs the 
start signal delay period generated in the delay circuit to shift 
in accordance With the value of the transmission data for PPM 
modulation. 
[0109] FIG. 8 shoWs a BPM modulator circuit 800 using 
BPM as the modulation method. A pulse start signal inputted 
to an input terminal 801 is inputted to a start terminal of a 
pulse generator circuit 803. The pulse generator circuit 803 
can be the pulse generator circuit 1 or the pulse generator 
circuit 300. The polarity of the pulses generated by the pulse 
generator circuit 803 is inverted by using a sWitch 804 to 
sWitch the connection betWeen the output terminal of the 
pulse generator circuit 803 and a predetermined potential 
applied to a terminal 806 based on transmission data applied 
to an input terminal 802. The operation described above 
alloWs BPM-modulated pulses to be supplied from output 
terminals 805. The predetermined potential applied to the 
terminal 806 is desirably an intermediate potential betWeen 
the voltages V1 and V2 described in the above embodiment, 
but the poWer supply potential, ground potential, or any other 
arbitrary potential can be used because the antenna radiates 
no DC component. 

[0110] Like the present embodiment, using the present 
pulse generator circuit as the pulse generator circuit in the 
UWB-IR transmitter 500 can reduce adverse effects on other 
portions Without using a special ?lter or other components 
because the generated pulses have a small spectral spread and 
a loW-level side lobe. 

[0111] FIG. 6 is a block diagram shoWing a UWB receiver 
600 using the pulse generator circuit 1 of the ?rst embodiment 
or the pulse generator circuit 300 of the second embodiment. 
A UWB pulse signal received by a receiver antenna 601 is 
ampli?ed by a loW-noise ampli?er circuit 602 and inputted to 
I/Q mixer circuits 603 and 604. The mixer circuits 603 and 
604 multiply the ampli?ed UWB pulse signal by template 
pulses generated by template pulse generator circuits 605 and 
606, and send the resultant signals to integrator circuits 607 
and 608. The integrator circuits 607 and 608 remove high 
frequency components in the signals that have undergone the 
mixing (multiplication) in the mixer circuits 603 and 604 and 
calculate correlation values. A discriminator circuit 609 
examines the intensities of the signals to judge the transmitted 
bits, returns them to the original transmission data, and out 
puts the transmission data from an output terminal 610. 
[0112] Each of the template pulse generator circuits 605 
and 606 can be the pulse generator circuit 1 of the ?rst 
embodiment or the pulse generator circuit 300 of the second 
embodiment. Further, use of IQ template pulses having 
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phases different from each other by 90 degrees allows e?i 
cient reception even in BPM or PPM. That is, in BPM or PPM, 
it is possible, for example, to use the I phase for data demodu 
lation and the Q phase for tracking. Speci?cally, adjusting the 
template generation timing in such a Way that the Q-phase 
output is alWays Zero alloWs the l-phase output amplitude to 
be maximized, Whereby such control alloWs synchronous 
detection tracking. As shoWn in FIG. 6, the tWo template pulse 
generator circuits 605 and 606 are used to generate start 
pulses having phases different from each other by 90 degrees 
to start the tWo template pulse generator circuits 605 and 606. 
IQ template pulses can thus be generated. 
[0113] One may consider that the template pulses gener 
ated by the template pulse generator circuits 605 and 606 in 
the UWB receiver 600 are not necessarily band-limited 
because no energy radiation into space is intended. HoWever, 
since the template pulses most highly correlate With the 
pulses used in a UWB-IR transmitter When their Waveforms 
are the same, the template pulse generator circuits 605 and 
606 in the UWB receiver 600 should ideally be the same as the 
circuit used in the UWB-IR transmitter. It is needless to say 
that the con?guration described above is signi?cantly effec 
tive in reducing spurious radiation, Which is a problem in 
many receivers. 
[0114] The present pulse generator circuit can generate 
pulses that do not contain unnecessary band components and 
have an arbitrary length of duration by using simple circuitry. 
The present pulse generator circuit also consumes less poWer. 
Using the present pulse generator circuit in a UWB commu 
nication apparatus therefore alloWs a hi gh-performance appa 
ratus to be achieved. 

[0115] When a CMOS integrated circuit is used to achieve 
the present pulse generator circuit, poWer is consumed only 
during the transition period in pulse generation, Whereby 
there is not What is called idling current. When the pulse 
generator circuit described above is used in a communication 
apparatus, the communication apparatus can alWays operate 
at minimum poWer consumption according to the amount of 
information to be transmitted (bit rate). 
[0116] While some embodiments of the pulse generator 
circuit have been described, the pulse generator circuit is not 
at all limited thereto, but can be implemented in a variety of 
forms to the extent that they do not depart from the spirit of the 
invention. 

First Modi?cation 

[0117] An example of an electronic apparatus using a pulse 
generator circuit Will be described. FIG. 16 is a schematic 
vieW shoWing the con?guration of a notebook PC (Personal 
Computer) 1610 and a mobile phone 1620 as the electronic 
apparatus according to a ?rst modi?cation. The notebook PC 
1610 has the UWB-IR transmitter 500 described in the third 
embodiment built therein, and mobile phone 1620 has the 
UWB receiver 600 described in the third embodiment built 
therein. The notebook PC 1 61 0 can transmit information data 
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from the UWB-IR transmitter 500, and the mobile phone 
1620 can receive the information data by using the UWB 
receiver 600. 
[0118] The entire disclosure of Japanese Patent Applica 
tions Nos: 2008-051707, ?led Mar. 3, 2008 and 2009-000064 
?led Jan. 5, 2009 are expressly incorporated by reference 
herein. 
What is claimed is: 
1. A pulse generator circuit that outputs pulses having a 

predetermined shape from an output terminal based on a start 
signal, the pulse generator circuit comprising: 

a timing generator circuit that generates (n) signals (n is an 
integer greater than or equal to 2), the phases of Which 
sequentially change at predetermined time intervals 
from the point When the phase of the start signal 
changes; 

a pulse Width signal generator circuit that generates a ?rst 
pulse Width signal and a second pulse Width signal hav 
ing a pulse Width that corresponds to the duration of the 
pulses to be generated based on the start signal; 

a ?rst ?lter circuit to Which the ?rst pulse Width signal is 
inputted, the ?rst ?lter circuit limiting the band of the 
?rst pulse Width signal; 

a second ?lter circuit to Which the second pulse Width 
signal is inputted, the second ?lter circuit limiting the 
band of the second pulse Width signal; 

?rst and second poWer supplies that supply predetermined 
potentials; 

a ?rst variable impedance circuit Who se impedance value is 
controlled by the output value from the ?rst ?lter circuit; 

a second variable impedance circuit Whose impedance 
value is controlled by the output value from the second 
?lter circuit; and 

a sWitching circuit that alternately connects the output 
terminal to the ?rst poWer supply via the ?rst variable 
impedance circuit or the second poWer supply via the 
second variable impedance circuit using a logic function 
value based on at least part of the n signals. 

2. The pulse generator circuit according to claim 1, 
Wherein the timing generator circuit includes delay circuits 

connected in tandem, each of the delay circuits generat 
ing a predetermined amount of delay. 

3. The pulse generator circuit according to claim 1, 
Wherein the timing generator circuit is comprised of a ring 

oscillator circuit at least part of Which including a delay 
circuit that generates a predetermined amount of delay. 

4. The pulse generator circuit according to claim 1, 
Wherein the ?rst variable impedance circuit is comprised of 

a transistor controlled by the output value from the ?rst 
?lter circuit, and the second variable impedance circuit 
is comprised of a transistor controlled by the output 
value from the second ?lter circuit. 

5. A communication apparatus comprising the pulse gen 
erator circuit according to claim 1. 

* * * * * 


